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Abstract: The objective of this study was to rapidly develop osteoporotic model animals by combining ovariecto-
my with a low calcium diet in rats. Thirty, eight-week-old, female, Sprague-Dawley rats were either sham-operated 
(Sham) or ovariectomized (Ovx) and divided into three groups: Sham, Ovx, and Ovx + low calcium diet. Rats in the 
Sham and Ovx groups were fed a standard diet containing 1.1% w/w calcium while rats in the Ovx + low calcium 
diet group were fed a diet containing 0.1% w/w calcium. Serum osteocalcin and bone mineral density (BMD) of the 
lumbar vertebrae were measured 4 and 8 weeks after surgery. The rats were euthanized 12 weeks after surgery, 
and the BMD of the right femur and histomorphometry of the femoral neck were assessed at that time. The Ovx + 
low-calcium diet group had a significantly lower mean BMD of the lumbar vertebra and higher mean serum osteo-
calcin concentration than the Sham and Ovx groups. Twelve weeks after surgery, rats in the Ovx + low calcium diet 
group had a significantly lower BMD, smaller Tb.Th and Tb.N, and larger Tb.Sp of the right femoral neck than did 
rats in the Sham and Ovx groups. These data indicate that a low calcium diet can significantly accelerate bone loss 
in ovariectomized rats. Combining ovariectomy and a low calcium diet can save considerable time in the creation of 
osteoporotic model animals.
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Introduction
With the coming acceleration of global popula-
tion aging, osteoporosis has become a global 
public health problem [1]. Osteoporosis is a dis-
ease characterized by low bone mineral density 
and structural deterioration of bone tissue, 
leading to an increased risk of fracture [2]. 
Many therapeutic advances in the manage-
ment of osteoporosis were first developed in 
animal models, and then subsequently entered 
clinical practice [3]. 
The ovariectomized rat model is commonly 
used in research on postmenopausal osteopo-
rosis because the bone loss in these animals is 
considered to mimic that of postmenopausal 
women [4]. During the initial period after ovari-
ectomy, bone resorption exceeds bone forma-
tion resulting in a net loss of bone [5]. 
Statistically significant bone loss is not detect-
able in the lumbar vertebral bodies until 60 d 
after ovariectomy [6]. Since animal models of 
bone loss are vital for screening new osteopo-
rosis treatments, developing an animal model 
that becomes osteoporotic more rapidly would 
allow faster testing of potential therapies. In 
this study, we tried novel methods to shorten 
the time until development of osteoporosis in 
an established animal model.
Calcium is required for normal skeletal growth 
and mineralization, and plays an important role 
in regulating bone remodeling and bone mass 
[7]. Some studies have described the structural 
changes induced by a low calcium diet in imma-
ture and mature rats [8]; however, little is known 
about the effect of a low calcium diet in ovariec-
tomized rats. In the present study, we investi-
gated the dynamic effects of a low calcium diet 
on serum osteocalcin, bone mineral density 
(BMD), and histomorphometry of the femoral 
neck in a rat model of ovariectomy-induced 
osteoporosis. Our objective was to determine 
whether feeding a low calcium diet would short-
en the time until development of osteopenia 
after ovariectomy in rats.
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Materials and methods
Animals
Thirty, eight-week-old, female, Sprague Dawley 
rats were obtained from the Beijing Animal 
Center (Beijing, China). The animals were accli-
mated to a colony room with an ambient tem-
perature of 22 ± 1°C, humidity of 50 ± 10%, 
and a 12 h light/dark cycle for at least 5 d 
before the start of the experiment. Food and 
water were available ad libitum. All animal treat-
ments were strictly in accordance with the 
National Institute of Health Guide for the Care 
and Use of Laboratory Animals. The experimen-
tal procedures were approved by the Committee 
on Animal Care and Use of the Beijing Institute 
of Pharmacology & Toxicology. 
Surgery and treatment
The animals were divided into the three groups 
of 10-12 rats each: the Sham group was sub-
jected to sham surgery and fed a standard diet 
(1.1% w/w calcium), the Ovx group was bilater-
ally ovariectomized and fed a standard diet, 
and the Ovx + low calcium diet group was bilat-
erally ovariectomized and fed a low calcium 
diet (0.1% w/w calcium). Ovariectomy was per-
formed via a dorsal approach with the rats 
under chloral hydrate anesthesia (400 mg/kg, 
i.p.). The ovaries of the rats in the Sham group 
were exteriorized but not removed. After sur-
gery, all three groups of rats were fed their 
respective diets for 12 weeks.
Determination of serum osteocalcin concen-
tration
Four and 8 weeks after treatment, blood sam-
ples were obtained from the orbital sinuses of 
the rats and serum was immediately separated 
and stored at -20°C. Serum osteocalcin was 
measured using a commercial radioimmunoas-
say kit (Purevalley Biotech, Beijing, China) 
according to the manufacturer’s instructions.
Measurement of bone mineral density (BMD)
Four and 8 weeks after treatment, the BMD of 
the lumbar vertebrae (L4-5) was measured by 
dual-energy X-ray absorptiometry (GE Lunar 
DPX-L, Madison, WI, USA) and data were ana-
lyzed with the accompanying software. The rats 
were sacrificed 12 weeks after ovariectomy 
and the right femur was removed and its BMD 
measured.
Histomorphometry of the femoral neck
Histomorphometry of the right femoral neck 
was performed on 5 animals/group. After mea-
Figure 1. Effects of a low calcium diet on serum osteocalcin concentrations in Ovx rats. A. Serum osteocalcin 
concentrations at 4 weeks after ovariectomy. B. Serum osteocalcin concentrations at 8 weeks after ovariectomy. 
*Significantly different from Sham group (P < 0.05).
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surement of BMD, the right femurs were dehy-
drated in graded, ascending concentrations of 
ethanol (70, 95 and 100%) and xylene and then 
embedded without decalcification in methyl 
methacrylate. Serial transverse sections of the 
femoral neck were cut to a thickness of 230μm 
using a microtome (Leica Inc., Nussloch, Ger- 
many) and the mid-cross sections were select-
ed and ground to 30 μm thickness for histomor-
phometric analysis. Histomorphometry was 
performed using a digitizing morphometry sys-
tem (Axio Imager A2, ZEISS, Jena, Germany). 
Cancellous bone measurements within the 
femur included trabecular thickness (Tb.Th; 
μm), trabecular number (Tb.N; #/μm), and tra-
becular separation (Tb.Sp; μm).
Statistical analyses
Data were analyzed by one-way analysis of vari-
ance and unpaired t tests using GraphPad 
Prism 5 (GraphPad Software Inc, San Diego, 
CA, USA). P < 0.05 was considered to be statis-
tically significant. Bonferroni’s Multiple Compa- 
rison Test was used to assess the significance 
of between-group differences. Data are expre-
ssed as means ± S.M.E. 
Results
Effects of a low calcium diet on serum osteo-
calcin concentrations in Ovx rats
Figure 1A and 1B show the serum concentra-
tions of osteocalcin, which is a sensitive bio-
Figure 2. Effects of a low calcium 
diet on BMD in Ovx rats. A. BMD 
of the lumbar vertebrae 4 weeks 
after ovariectomy. B. BMD of the 
lumbar vertebrae 8 weeks after 
ovariectomy. C. BMD of the right 
femur 12 weeks after ovariec-
tomy. *Significantly different from 
Sham group (P < 0.05). #Signifi-
cantly different from Ovx group (P 
< 0.05).
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chemical marker of bone resorption after ovari-
ectomy. At 4 weeks after surgery, the serum 
osteocalcin concentrations in the Ovx + low 
calcium diet group were significantly higher 
than in the Sham group (P < 0.05). Compared 
with the Sham group, the Ovx group also had 
slightly higher osteocalcin concentrations, but 
this difference was not statistically significant 
(P > 0.05). However, at 8 weeks after surgery 
there were no significant between-group differ-
ences in serum osteocalcin.
Effects of low calcium diet on BMD in Ovx rats
Figure 2A-C show the mean BMDs of the lum-
bar vertebrae and femurs of all groups. At 4 
weeks after surgery, the BMD of the lumbar 
vertebrae of rats in the Ovx + low calcium diet 
group had declined more than in the other 
groups (P < 0.05), while there were no signifi-
cant differences between the Sham and Ovx 
groups. At 8 weeks after surgery, both the Ovx 
and Ovx + low calcium diet groups had experi-
enced a significant reduction in BMD of the 
lumbar vertebrae (P < 0.05), and BMD was not 
significantly different between these two 
groups. Twelve weeks after ovariectomy, the 
Ovx + low calcium diet group rats had signifi-
cantly lower BMD of the right femur than the 
rats in the Sham and Ovx groups (P < 0.05). The 
femoral BMD of rats in the Ovx group was also 
significantly lower than that of rats in the Sham 
group at 12 weeks after surgery (P < 0.05). 
Effects of a low calcium diet on trabecular 
bone microarchitecture in Ovx rats
As shown in Table 1, the Ovx and Ovx + low cal-
cium diet groups had significantly smaller Tb.Th 
and Tb.N, and larger Tb.Sp, than the Sham 
group at 12 weeks after ovariectomy (P < 0.05). 
There were also significant differences in Tb.Th, 
Tb.N, and Tb.Sp between the Ovx group and the 
Ovx + low calcium diet group (P < 0.05). 
lumbar vertebral BMD was seen only in ovariec-
tomized rats fed a low calcium diet. This sug-
gests that the development of post-ovariecto-
my osteopenia can be accelerated by feeding a 
diet low in calcium.
The ovariectomized rat is considered the gold 
standard model for evaluation of drugs used in 
the prevention and treatment of osteoporosis; 
it has been well-validated and shares many 
clinical similarities with estrogen deficiency-
induced (or postmenopausal) bone loss in adult 
humans [9]. These similarities include: an 
increased rate of bone turnover; an initial phase 
of rapid bone loss followed by a much slower 
decline in bone loss; and a greater loss of can-
cellous than cortical bone [10]. After ovariecto-
my in rats, or menopause in women, the loss of 
estrogen creates an imbalance in osteoblast 
and osteoclast activity such that bone resorp-
tion outpaces bone formation leading to high 
turnover bone loss [11]. As a biochemical mark-
er of bone formation, changes in serum osteo-
calcin concentrations represent changes in 
whole skeleton bone metabolism [12]. In the 
present study, at 4 weeks after ovariectomy the 
rats fed a low-calcium diet had higher serum 
osteocalcin concentrations than rats in the Ovx 
or Sham groups. These data suggest that a low-
calcium diet can significantly accelerate bone 
turnover after ovariectomy. However, at 8 
weeks after surgery there were no between-
group differences in serum osteocalcin concen-
trations; this may be due to all animals being in 
the relatively slower phase of bone loss that fol-
lows the initial rapid decline in bone loss after 
ovariectomy [13].
Ovariectomy results in decreases in BMD of the 
lumbar vertebrae and femur, and this bone loss 
can be significantly accelerated by a low-calci-
um diet. In this study, the BMD of the lumbar 
vertebrae of rats in the Ovx + plus low-calcium 
diet group consistently differed from that of the 
Table 1. Effects of a low calcium diet on the static parameters of the 
femoral neck in OVX rats
Group Tb.Th (μm) Tb.N (#/μm) Tb.Sp (μm)
Sham 137.43 ± 19.38 4.27 + 0.21 139.23 ± 29.48
Ovx 120.45 ± 27.23* 3.26 + 0.30* 205.32 ± 34.23*
Ovx + low calcium diet 106.38 ± 19.47*,# 2.67 ± 0.45*,# 257.46 ± 37.56*,#
Data are the mean±SE of 5 rats/group. Tb.Th, trabecular thickness; Tb.N, trabecular 
number; Tb.Sp, trabecular separation. *Significantly different from Sham group (P < 
0.05); #Significantly different from Ovx group (P < 0.05).
Discussion
In this study, we determined 
the dynamic effects of the 
combination of ovariectomy 
and a low-calcium diet on 
serum osteocalcin, BMD, 
and femoral neck histomor-
phometry in rats. At 4 weeks 
after ovariectomy, a statisti-
cally significant reduction in 
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Sham rats, while the lumbar vertebral and fem-
oral BMD of the Ovx group rats differed from 
that of the Sham rats at only 8 and 12 weeks, 
respectively. Rats in the Ovx + low calcium diet 
group had a lower femoral BMD than Ovx rats 
at 12 weeks after surgery. Histomorphometry 
revealed similar results; there were significant 
differences in the Tb.Th, Tb.N, and Tb.Sp of the 
femoral neck between the Ovx and Ovx + low 
calcium diet groups at 12 weeks after surgery. 
These data indicate that a low calcium diet 
increased the loss of BMD and facilitated the 
development of osteopenia after ovariectomy.
Calcium is one of the most commonly used 
nutritional supplements because it is the min-
eral that is lost during bone resorption [14]. 
Bone itself undergoes continuous remodeling, 
with constant resorption and deposition of cal-
cium into new bone [15]. Low dietary calcium 
intake produces no obvious symptoms in the 
short-term; however, long-term calcium defi-
ciency can lead to osteoporosis [8]. In aging, 
postmenopausal women, decreases in estro-
gen production result in bone breakdown 
exceeding formation, which leads to bone loss 
and increases the risk of osteoporosis over 
time [16]. Similar changes occur after ovariec-
tomy in the rat, and our results indicate that the 
time until development of osteopenia after 
ovariectomy in rats can be halved by feeding a 
low calcium diet. 
In a conclusion, this work confirms that rapid 
bone loss occurs in ovariectomized rats fed a 
low calcium diet. Combining ovariectomy plus a 
low-calcium diet can save considerable time in 
the creation of osteoporotic model animals.
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